Abstract Background
significantly greater fall in potential difference in bronchi from patients with cystic fibrosis (83-5% (SE 2-9%)) than in those from controls (55-1% (7-1%)).
Isoprenaline (100 pM) produced no significant change in bioelectric properties in non-cystic fibrosis tissues, but induced a 26-2% (6-3%) increase in potential difference in cystic fibrosis airways. The latter response was reduced by amiloride pretreatment. Mucosal chloride substituted Krebs-Henseleit solution caused no change in bioelectric properties in cystic fibrosis airways. Sodium substituted Krebs solution produced a substantial fall in potential difference similar in magnitude to that seen after amiloride. Isotopic flux measurements showed no significant differences between non-cystic fibrosis and cystic fibrosis airways. No net movement of Na+ or Cl-was detected under open circuit conditions in either group.
Conclusions Cystic fibrosis bronchi obtained at heart-lung transplantation provide a viable source of tissue for in vitro studies of bioelectric properties. The increased response to amiloride characteristic of the upper airways in cystic fibrosis is retained in these tissues, as is the reduced chloride conductance. Although no differences in isotopic fluxes were seen between non-cystic fibrosis and cystic fibrosis tissues, heavily infected airways from patients with cystic fibrosis may not be suitable for ion flux measurements. (Thorax 1992; 47:1010 -1014 Over the last decade it has been established that in patients with cystic fibrosis ion transport abnormalities are present in the epithelium of several affected organs. In the airways nasal epithelium from patients with cystic fibrosis generates a substantially more negative potential difference than that ofnormal subjects.1 The apical membrane of these cells shows a reduced permeability,2 in keeping with similar findings in the sweat duct3 and pancreas. 4 (Isc) . Conductance was calculated from Ohm's law. Tissues with a conductance greater than 14 ms/cm' were discarded.'5 The number of tissues that fulfilled this criterion were: from the 12 patients without cystic fibrosis, 51 bronchial segments (mean 4, range 2-9 per lung) and from the nine patients with cystic fibrosis 48 bronchial segments (mean 3, range 2-9 per lung). After the studies ofbioelectric properties or ion fluxes or both the data obtained from all bronchial segments of any one patient were averaged (reported n values are the number of patients studied, unless otherwise indicated).
MEASUREMENT OF ION FLUXES
After stabilisation of the potential difference (generally 0 5-1 hour) 10 pCi each of "Na and 36C1 ( There was no significant change in G in either was no set of tissues. Sodium substitution reduced Ltial dif-mean PD by 95-0% (5-9) in four tissues from ion and two patients with cystic fibrosis and a combinaiameter: tion of amiloride and sodium substitution by nsplant 77 0% (7-7%) Non-cystic fibrosis bronchi showed no change in potential difference in response to the f2 adrenoceptor agonist isoprenaline. Recent intracellular microelectrode studies showed a similar lack of effect in human nasal epithelial cells.20 The lack of a suitable driving force for Cl-secretion across non-cystic fibrosis airways may explain these findings. In contrast, in cystic fibrosis bronchi isoprenaline produced a 26% rise in potential difference. Similar findings in cystic fibrosis nasal epithelium have been shown to relate to a paradoxical increase in Na + absorption in the presence of a negligible apical Cl-conductance. '6 In the present study pretreatment with amiloride reduced the changes in bioelectric properties in response to isoprenaline, suggesting that a mechanism similar to that in the nose may operate in the lower airways in cystic fibrosis. Further support for a lack of Cl-transport in these airways was obtained with mucosal chloride substituted Krebs solution. If allowance is made for junctional potentials, no change in potential difference was seen in four cystic fibrosis tissues.
To our knowledge, there has only been one other study of ion transport across human lower airways and this, owing to the nature of the resected material, was restricted to segmental and subsegmental airways."' In the present study, because of the availability of whole lungs after heart-lung transplantation, we were able to study ion fluxes in both proximal and distal airways, though because of the small numbers in such subcomponents of the study statistical analyses were not warranted. In addition, in contrast to the previous study,'5 where experiments were conducted principally under short circuit conditions, we chose to study our tissues primarily under open circuit in an attempt to reproduce more closely the conditions in the patients' airways. In the proximal airways under baseline conditions the trend group.bmj.com on July 6, 2017 -Published by http://thorax.bmj.com/ Downloaded from was for no net movement of either Na+ or C1-to be seen. Absence of net ion movement is also characteristic of canine mainstem bronchi.2' In contrast, in distal airways about 1 pEq/cm2/h of Na+ accompanied by an equivalent movement of Cl-was seen. Knowles et al 5 also found net absorption ofNa+ in peripheral human airways under both open and short circuit conditions, values for the former being very similar to those obtained in this study. Similar data have also been reported for peripheral airways in the sheep22 and dog.2' The relatively greater contribution ofproximal airways to our pooled flux data is reflected in the lack of net ion fluxes for these values.
We also studied the feasibility of characterising Na+ and Cl-fluxes across these "end stage" cystic fibrosis airways which were occluded with tenacious purulent secretions before being mounted. We were not able to show an increased Na+ ms or a reduction in Cl-sm in these tissues. With respect to the latter, however, if the CFTR related Cl-channel is functional only during stimulation mediated by cyclic adenosine monophosphate, measurements made under basal conditions are unlikely to be altered. The lack ofa significant difference in conductance between all non-cystic fibrosis tissues (mean (SE) 9-4 (03) ms/cm2, n = 51) and all cystic fibrosis tissues (9 3 (04) ms/cm2, n = 47) would not suggest substantial alterations in the permeability of paracellular pathways. Subtle changes in transcellular ion movements in cystic fibrosis tissues may, however, have been masked by "noise" from altered paracellular transport under these conditions. In keeping with this, cystic fibrosis tissues showed larger correlation coefficients for fluxes in the presumed active directions (for example, Cl-sm: r = -004 for non-cystic fibrosis and 0-84 for cystic fibrosis).
In conclusion, we have shown the feasibility of studying bioelectric properties of lower airways obtained at heart-lung transplantion from patients with and without cystic fibrosis. In native cystic fibrosis lower airways the increased amiloride response and reduced chloride conductance, which 
